Raman and infrared spectra of linear-chain models of mixed crystals are investigated. Motion along more than one direction is allowed. Much of the phenomenology of real linear-chain compounds such as ZrS3 "Se can be qualitatively accounted for: preservation of the Raman and infrared symmetries present in the parent pure compounds, one-, two-, and three-mode behavior, disorder-induced line~idths, and line-shape asymmetries. The physical nature and significance of many of these observed phenomena is clarified.
I. INTRODUCTION
The type of quenched-in disorder present in various condensed systems can sometimes be classified in various categories. Disorder in the positions of the atoms influences the elastic x-ray scattering spectrmn for example.
This positional disorder coexists with topological order when the disordered lattice can be mapped into an ordered lattice without breaking bonds. Mass and force-constant disorder, on the other hand, have only limited influence on the elastic x-ray spectrum (they enter indirectly in the structure factor), but they manifest themselves drastically in the dynamic properties probed by neutron or light scattering. These spectroscopies are also influenced by the disorder in the effective light-matter coupling constants.
The latter disorder (e.g. , polarizability for Raman scattering) is clearly not unrelatel to the disorder in mass, force constant, or position, but the relation can be quite complicated.
Predicting the detailed light scattering spectrum of a general disordered system, while possible in principle, is an extremely compHcated task. Nevertheless, one would like to be able to extract some information on any given disordered system from its light scattering spectrum.
Qu»mtative results can also be extremely useful. For example, it is generally believed that the Raman spectrutn of amorphous semiconductors such as' Ge or Si reflects the total density of states of these systems because the momentum conservation rule is broken so that more or less all modes become Raman active. While ' ' Note, however, that the accepted nomenclature "one-mode" and "two-mode" behavior is somewhat misleading for reasons which will be discussed in the present paper.
The simplest experimental systems with which one could hope to compare theory and experiment should thus be quasi-one-dimensional.
Compounds such as MSi "Se" where M is Zr or Hf have been grown and seem to fulfill this requirement. ' '" We chose a value of e which leads to the correct order of magnitude for the linewidths of the pure compounds. Note that the larger e the smaller the system size needed to achieve convergence. This is easy to understand intuitively because in the presence of large damping the modes can propagate only over short distances. In the numerical results presented below, we used system sizes large enough to insure convergence.
C. The MS3 "Se"family of compounds
The crystallographic structure of these compounds, illustrated in Fig. 1 
Infrared spectrum
The infrared spectrum of the strictly one-dimensional chain has been extensively studied before ' ' and this sec- Fig. 2(b) Fig. 9 . Most of the band between the pure compound modes is activated, but the structure is complex and differs from a simple density of states. That type of behavior is often observed in our spectra. Note also that when higher-frequency modes of the pure compounds are close to the frequency range of interest, they are activated as well.
Let us come back to the more interesting transverse Raman mode. A glance at Table I and at Fig. 2(b) immediately suggests that with a strong chalcogen-chalcogen bond, we are dealing with molecularlike modes. The height of infrared active modes on that scale is comparable to that of Raman active modes in Fig. 10 Figure 11 shows the transverse infrared (TIR) spectrum in the frequency range of the lefthand Se-Se peak of Fig. 10 . Even though there is a small peak at the expected frequency, the intensity is a factor 10s smaller than that of the other infrared active modes hence completely negligible. For a pure chain of the same length we did not see that peak, which indicates that the small intensity observed in the disordered compound is not an end effect but instead is due to the breakdown of the infrared-Raman exclusion rule of the pure compounds. For all practical purposes though, one can con- In all cases, the mechanism proposed for asymmetric line shapes is similar: In the mixed, or disordered, crystal the momentum conservation rule is broken, so it is assumed that the modes near the optically active modes of the pure compound will also be excited. This means, for example, that for an optic branch whose highest frequency is an active zone-center mode, disorder will induce a broadening of the line on the low-frequency side.
The above mechanism is easily checked for the strictly one-dimensional model. ' Suppose that in a "'two-band" case, one looks at the infrared spectrum near the highest- Fig. 2(b) . We considered mainly the effect of mass disorder. We recall that our purpase was not detailed fitting. Such a task is arduous enough for the pure com- (Fig. 13) (Fig. 4) in the determination of the Raman spectrum of the strictly one-dimensional chain. In the more realistic model of Fig. 2(b) , however, polarizability disorder does not modify the spectra dramatically, but this is, in a sense, because contrary to the strictly one-dimensional chain, there are already very strong intensity Raman active lines even without polarizability disorder.
The following results apply qualitatively to both the strictly one-dimensional chain ' ' and to the model of Fig. 2(b) . (5) 
